Introduction
Acute traumatic spinal cord injury (SCI) represents one of the most devastating injuries to afflict the human body. The of patients, particularly those who are neurologically intact with a normal Glasgow coma scale, very often do not require further imaging. [2] In the setting of acute spinal trauma, CT scan has been shown to be more time efficient and significantly more sensitive for fracture detection than plain films. [3] [4] [5] MRI, with superior tissue characterization, provides the best evaluation of soft tissue pathology and essentially the only direct evaluation of the spinal cord. Information obtained regarding discs, ligaments, hematoma, and the spinal cord is often complementary to the evaluation of osseous pathology provided by CT scan. [6] MRI is indicated in the setting of spinal trauma when a neurologic deficit is present or when there is clinical suspicion of a soft tissue or vascular abnormality. [6, 7] There is a great propensity for recovery after SCI. An examination of the anatomic basis of recovery indicates that there is a potential for both root and cord recovery, with the latter involving recovery of both gray and white matter of the cord. Resolution of acute injury events, such as hemorrhage, and resolution of secondary pathophysiological processes, such as ischemia and excitotoxicity, can each account for recovery. The third recovery mechanism involves regrowth or regeneration of nervous tissue, resulting from either inherent or induced processes. [8] As the number of patients with SCI are increasing day by day, the information on the outcome helps in counseling the anxious relatives, forecasting length of stay and expenditure in the hospital. The present study aims to analyze findings on imaging modalities in acute spinal injury patients and correlate those with the clinical profile and neurological recovery.
Materials and Methods
This prospective study was conducted between May 2011 and December 2013 and patients with acute traumatic spinal injuries were included in the study. Detailed history with respect to age, sex, mode of trauma, date of trauma and examination was carried out. Twenty-five patients of spinal trauma formed the study group in a prospective fashion. All patients underwent X-rays, CT and MRI examination initially and subsequent follow-ups. Exclusion criteria were patients with severe co-existent other systemic injuries; concomitant head injury and Glasgow coma scale score <15; noncooperative patient; and patients with at least one absolute contraindication (metallic implants, claustrophobia, pacemakers, and cochlear implants in situ).
Clinical assessment of spinal cord injury
Clinical assessment(sensory score, motor score and zone of partial preservation) was done at the time of admission, 3 rd day, 7 th day, 3 months, 6 months and 1-year as per international guidelines [9] Traumatic SCI was classified into five categories on the American Spinal Injury Association (ASIA) impairment scale (AIS). [10] Plain roentgenogram examination (lateral, anteroposterior film) was done. Routine laboratory investigation such as hemoglobin, bleeding time, clotting time, urine complete examination, blood urea, blood sugar, serum electrolytes, electrocardiogram, chest roentgenogram were done in all cases. CT and MRI were done in all cases within 48 h of injury. Patients with cervical spine injury were initially given Philadelphia cervical color, and cervical traction was applied only after getting MRI done. Patient needing surgery for unstable vertebral column injuries was operated as per requirement.
Follow-up
Follow-up was done at 3 months, 6 months and 1-year. Clinical evaluation and plain radiography were done at each followup. CT scan was done at 1-year follow-up. MRIs were done at 3 months, 6 months, 1-year follow-up. Neurological recovery was documented as per ASIA AIS and following the outcome were measured and assessed:
A. Radiological outcome
The following radiological measurements were done in subsequent follow-ups:
Kyphotic deformities (on sagittal view X-ray) [Figure 1] Sagittal index
Sagittal index (SI) was defined as the measurement of segmental kyphosis at the level of vertebrae involved adjusted for the baseline sagittal contour at the level in the normal spine. It was calculated as the kyphotic deformity (KD) at the fracture motion segment level minus the normal contour (NC) (SI = KD − NC). As an estimate of the baseline sagittal curve/level, an angle of 5° was used in the thoracic segments, 0° at the thoracolumbar junction and 10° in lumbar segments. [11] Regional kyphosis It was measured by the angle, formed by the lines drawn on the superior end plate of the normal upper vertebrae and the inferior end plate of the lower normal vertebrae. [11] Gardner segmental kyphotic deformity It was measured as the angle formed from lines drawn on the lower end plate of the adjacent normal vertebrae. [11] Compression percentage of the height of fractured vertebrae [11] [ Figure 2] It was calculated by the formula CP =100 − F/(A + B/2) × 100, where F was the anterior vertebrae height at the fracture level, A and B were the anterior vertebral heights of vertebrae one level above and below the fractured vertebrae, respectively.
Beck index [Figure 2]
It was measured as the ratio of anterior and posterior heights of fractured vertebrae.
Canal dimensions
It was measured by CT of the spine. Maximum anteroposterior (AP) diameter of the canal was measured in sagittal section at the level of fractured vertebrae. Canal compromise was expressed in percentage compromise; by taking mean of the AP diameters of canal in the two normal adjacent vertebrae (one on either side of fractured vertebrae) as normal canal diameter.
Cord compression
It was measured on MRI as per following criteria: (a) Quantitative criteria: Three quantitative measures were used: Maximum canal compromise (MCC), maximum spinal cord compression (MSCC) and length of lesion. Mid-sagittal T1-weighted and T2-weighted imaging were used to determine the MCC and MSCC, respectively as described by Fehlings et al. [12] These values were determined by measuring the distance of the canal or spinal cord one segment above and below the lesion, respectively to calculate the average distance. The distance was then measured at the site of the lesion and was expressed as a percentage of the average. The length of the lesion was determined on T2-weighted 
B. Neurologic outcome
It was assessed after doing neurological examination on each follow-up. Any increase in motor power; regain of bladder sensation; bladder and bowel recovery were noticed, and the patients were graded as per ASIA score.
[10]
Statistical methods
To describe strength of association between the extent of SCI and initial neurological status, chi-square test was used.
Pearson's Chi-square (χ 2 ) statistics was applied to test the association between two categorical variables. To assess changes in various parameters with time, Friedman test or independent sample t-test was used. The difference was considered to be significant if P <0.05.
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Vol. 10, Issue 3, July-September 2015 Table 1 shows the neurological assessment from the time of presentation to subsequent follow-ups. The average ASIA neurological grade at initial presentation was 3.08 which improved by 0.64 by 3 months and 0.28 by next 3 months and by 0.08 by next 6 months (at 1-year). There was improvement of average 1.0 grade in neurological status from initial to final follow-up. Four (19%) patients did not improved, 10 (47.6%) patients improved by one grade, 6 (28.6%) patients improved by two grades and 1 (0.04%) patient improved by three grades. Four patients were having no deficit (Asia score E) at the time of presentation. Neurological recovery was more in patients with an incomplete injury than complete injury patients. Table 2 shows radiological parameters from the time of presentation to subsequent follow-ups. Average correction of 3.32° (40.9%) was observed at 3 months follow-up for SI, no further correction was observed on subsequent followup. Hence, the average SI achieved at final follow-up was 59% of the initial deformity. Patients with SI >10° were observed to have incomplete SCI. In patients with SI <10° at the time of admission, neurological deficit was present in 15 patients. Neurological improvement was noted in 13 patients (86.7%), and no improvement was noted in 2 patients (13.3%) in patients with SI <10°. Average correction of 3.2° (20.4%) was observed at 3 months followup for Gardner segmental KD, further correction of 0.32° at 6 months follow-up, followed by deterioration of 0.08° at 1-year follow-up. Hence, the average Gardner's index achieved at final follow-up was 78% of the initial deformity. Patients with Gardner's KD >20° were observed to have incomplete SCI. Gardner's index 11°-20° was present in 21 of 25 patients -84% patients. In patients with Gardner's index 11°-20° at the time of admission, neurological deficit was present in 17 patients. Neurological improvement was noted in 14 patients (82.4%), and no improvement was noted in three patients (17.6%). Average correction of 3.44° (21%) was observed at 3 months follow-up for regional KD, further correction of 0.16° at 6 months follow-up, further correction of 0.40° at 1-year follow-up. Hence, the average regional kyphosis achieved at final follow-up was 75.6% of the initial deformity. Patients with regional kyphosis >100 were observed to have incomplete SCI. Table 3 shows CT scan parameters from the time of presentation to subsequent follow-ups. Average canal dimensions (AP) was 9.64 ± 3.35 mm initially which improved to 13.61 ± 1.61 mm at 1-year follow-up. Improvement in canal dimensions was particularly significant in operatively managed patients [ Table 4 ]. Canal dimensions (AP) <10 mm was present in 14 (56%) of 25 patients. In patients with canal dimensions <10 mm at the time of admission, neurological deficit was present in 12 patients. Neurological improvement was noted in 10 patients (83.3%) and no improvement was noted in 2 patients (16.7%) in patients with canal dimensions <10 mm. The average CP of the fractured vertebrae was 42% ± 0.24% initially which improved to 28% ± 0.24% (by 33%) by 1-year. CP was more in patients with complete SCI in comparison to incomplete injury as well as neurologically healthy patients [ Table 5 ]. Average beck index was 0.632 ± 0.32 initially and 0.50 ± 0.29 at 1-year follow-up. Average correction of 0.132 was achieved. Correction achieved was particularly significant in operatively managed patients [ Table 4 ]. Table 6 shows MRI parameters from the time of presentation to subsequent follow-ups. Average MSCC was initially 34 ± 0.31 which improved to 19 ± 0.21 (by 44%) in 3 months. It further improved by 12% in next 3 months and improved by 12% in next 6 months (at 1-year) follow-up. Patients with complete injury Table 4 ]. Lesion length >50 mm was present in 6 (24%) of 25 patients. In patients with lesion length >50 mm at the time of admission, neurological deficit was present in 5 patients. Neurological improvement was noted in 4 patients (80%), and no improvement was noted in 1 patient (20%) with lesion length >50 mm. Spinal cord edema was present in 13 patients initially and in 7 patients at 1-year follow-up. Patients with spinal cord edema showed a predilection toward incomplete SCI at presentation. Patients managed operatively were observed to have significant resolution of edema. In patients with edema at the time of admission, neurological deficit was present in 11 patients. Neurological improvement was noted in 10 patients (90.9%), and there was no improvement in 1 patient (9.1%). Patients with hemorrhage initially had a severe neurological deficit at presentation. In patients with hemorrhage at the time of admission, improvement was noted in 3 patients (75%), and no improvement was noted in 1 patient (25%). Patients with Cord swelling showed a trend toward complete injury at presentation. Patients managed operatively were observed to have significant improvement in stenosis. In patients with stenosis at the time of admission, neurological deficit was present in 14 patients. Neurological improvement was noted in 12 patients (85.7%), and no improvement was noted in 2 patients (14.3%). In patients with altered marrow signal at the time of admission, 20 patients had neurological deficit. Neurological improvement was noted in 17 patients (85%), and no improvement was noted in 3 patients (15%) Radiograph, computed tomography (CT), and magnetic resonance imaging (MRI) features at the time of initial presentation [ Figure 3a] and at one year follow up [ Figure 3b ] in a 65-year-old female.
Results

Discussion
The use of MRI is now well established as the method of choice in examining patients with SCI, and correlating it with their neurological status and using it as a possible predictor of neurological recovery. [13] [14] [15] [16] Although CT scan is superior in detecting precise bony injuries, MRI is the most sensitive modality for detecting spinal cord damage, disc protrusions and paraspinal soft tissue injuries. [13, 14] The diagnosis of the initial injury is critical in order to predict an accurate functional prognosis. The best time for prognostic imaging appears to be within the first 24-72 h of the injury and 2-3 weeks later. [14, 15] Among KD, average correction of 3.32° (40.9%) in SI, 3.2° (20.4%) for Gardner's index and 3.44° (21%) for regional kyphosis was observed at 3 months follow-up. Patients with SI >10, Gardner's index >20 and regional kyphosis >10 were observed to have incomplete SCI, but correlation was not statistically significant (P = 0.624). In the present study, correction in the KD was achieved on subsequent followups, but it did not correlate initially and on subsequent follow-ups with neurological recovery. The improvement in average canal dimensions (AP) was statistically significant (P = 0.001) at 1-year follow-up. Canal dimensions (AP) increased significantly on subsequent follow-ups, which was statistically significant in operatively treated patients (P = 0.001), but not in nonoperative patients (P = 0.086). We also observed improvement of canal diameter at 6 months follow-up and thereafter also, which indicated spontaneous canal remodeling continues with time, as also observed by various studies. [17, 18] There was no correlation between initial as well as of final canal compromise with neurological recovery. Similar observations were made by Hardons and Galloway. [19] This indicates that bony canal dimension improvement alone does not guide to a favorable outcome; initial trauma to neural tissue and vitality of neural structures is of more significance. However, Yamazaki et al. [20] analyzed the factors affecting outcome after traumatic central cord syndrome and used CT to assess the AP diameter of the spinal canal. They reported a relatively larger AP diameter of the canal to be predictive of greater neurological recovery. There was a significant correlation between CP and neurological status at presentation (P <0.001). Similar results were shown by other studies. [21] [22] [23] [24] Most studies in the literature had evaluated the qualitative parameters to assess the association between imaging parameters and neurological outcome in SCI [13] [14] [15] [16] [25] [26] [27] [28] [29] [30] and only a few studies had evaluated the quantitative parameters (degree of spinal canal compromise, cord compression and length of lesion). [16, [28] [29] [30] [31] [32] [33] Kang et al. [31] attempted to quantify canal compromise using lateral cervical radiographs. Hayashi et al. [32] quantified cord compression at the level of maximum compression using MRI and dividing it into mild (cord diameter of more than two-thirds) and severe cord compression (cord diameter of <2/3). The present study used an objective method, which has previously been approved to be reliable, standardized and objective, to quantify MR images obtained from patients with SCI. [12, 27] The quantitative measurements of MSCC and MCC used in our study have been previously reported to be objective, reliable and standardized with good inter-and intra-observer reliability. [33, 34] Miyanji et al. [16] reported that patients with complete motor and sensory SCIs had more substantial MCC (P = 0.005), MSCC (P = 0.002), and lesion length (P = 0.005) than did patients with incomplete SCIs and those with no SCI. MCC (P = 0.012), MSCC (P = 0.014) correlated with baseline ASIA motor scores. In a study by Chandra et al., [30] degree of cord compression had an important bearing on the severity of cord injury and degree of cord compression was proposed as important outcome measures linked to prognosis. Similarly, Haar et al. [28] also reported that patients with complete SCI had a more substantial MSCC (P = 0.008), MCC (P = 0.009) and lesion length (P = 0.001) compared to the other two groups (one with incomplete SCI and other without any neurological deficit). The length of the lesion (P = 0.019) correlated with baseline neurology. MSCC (P = 0.063), length of lesion (P = 0.011) and intramedullary hemorrhage (P = 0.036) were predictive of a poor neurological outcome. Similarly in our study there was a significant difference in all three parameters assessed among patients with a complete SCI, those with incomplete SCI and neurologically healthy patients. Patients with complete injury had significantly more CP (P < 0.001), MSCC (P < 0.001), MCC (P < 0.001) in comparison to incomplete injury as well as in comparison to neurologically healthy patients (compression percentage [P < 0.001], MSCC [P < 0.001], MCC [P <0.001]). Patients with incomplete injury had significantly more CP (P < 0.001), MSCC (P < 0.001), MCC (P < 0.001) in comparison to neurologically healthy patients.
Several authors have described the most common MRI patterns of the cord following SCI. [14] [15] [16] 26, [30] [31] [32] [33] [34] [35] [36] [37] [38] In a study by Miyanji et al. [16] patients with complete SCIs also had higher frequencies of hemorrhage (P < 0.001), edema (P < 0.001), cord swelling (P = 0.001), stenosis (P = 0.01), and STI (P = 0.001). Cord swelling (P < 0.001) correlated with baseline ASIA motor scores. Hemorrhage (P < 0.001), and cord swelling (P = 0.029) were predictive of the neurologic outcome at follow-up. Hemorrhage (P < 0.001) and cord swelling (P = 0.002) correlated significantly with follow-up ASIA score after controlling for the baseline neurologic assessment. Similar to this in a study by Haar et al. [28] patients with a complete motor and sensory SCI (Frankel A) had higher frequencies of intramedullary hemorrhage (P < 0.001), cord swelling (P = 0.002) and cord edema (P < 0.001) compared to the incomplete SCI (Frankel Grade B, C and D) and those without any neurology (Frankel Grade E). Intramedullary hemorrhage (P = 0.001) correlate with baseline neurology.
Although the cord is subjected to secondary insults following the initial trauma, it is generally accepted that the extent of cord damage is mainly caused by the amount of force at the initial impact. [35, 36] Although the cord is fairly resistant to direct physical (structural) disruption, a very minor injury can cause significant cord malfunction. [28] Kulkarni et al. [25] observed that patients with intraspinal hemorrhage had an insignificant recovery; however, patients with cord edema recovered significantly. Schaefer et al. [13] reported that patients with intramedullary hemorrhage were found to have a complete motor loss; patients with edema had a lesser degree of neurological degree. In a study by Bondurant et al. [14] three patterns were observed; patients with hemorrhage had no improvement, patients with edema showed improved recovery and patients with both edema and hemorrhage showed recovery intermediate between above two groups. Flanders et al. [26] found that all patients with a neurological deficit had abnormal spinal cords at MRI; intramedullary hemorrhage was predictive of a complete lesion and patients with residual cord compression following reduction demonstrated greater neurological compromise than those without compression. Marciello et al. [37] reported that all patients with spinal cord hemorrhage on their initial MRI had complete motor injuries and had little change in their motor scores with time whereas patients without hemorrhage had a much better prognosis. In a study by Shimada and Tokioka, [15] patients with hemorrhage were reported to have a poor prognosis. In a study by Parashari et al., [29] patients with presence of sizable focus of hemorrhage had larger cord edema and more severe grade of initial AIS than those without hemorrhage with significantly more chances of retaining complete injury at follow-up. Patients with a small amount of hemorrhage (<1 cm) showed relatively better outcome. Patients with hemorrhage had significantly lower upper extremity motor scores at the time of injury and follow-up. There was a definitive correlation of length of cord edema with sensory outcome, and recovery rates of sensory scores were significantly lower in patients with hemorrhage when compared with those without hemorrhage in the spinal cord. Severe cord compression was associated with poor neurological function at admission and discharge. In a study by Chandra et al., [30] patients with transient cord edema where the signal changes revert to normal on follow-up imaging had a better outcome; swelling of cord was associated with a worse initial neurological status and poor prognosis; presence of hemorrhage was associated with a poor neurological status on presentation and follow-up. Takahashi et al. [38] reported that the degree of cord compression was correlated with recovery of neurological function. Findings of the present study also substantiated the findings of these studies, intramedullary hemorrhage correlated significantly with baseline neurological status. Cord edema neither correlated with baseline neurology nor as a predictor of outcome. Patients with cord swelling and stenosis showed a trend toward severe neurological deficit at presentation although it was not statistically significant (P = 0.816). There was a significant improvement with time in operative patients for edema (P = 0.01) and spinal cord stenosis (P = 0.001).
Conclusions
The present study concludes that imaging modalities in spinal cord injuries have a major role in diagnosis, directing management and predicting prognosis. Radiographs are useful to predict the severity of KD, which serve as useful guide to the severity of injury and neurological status. Narrower canal dimensions and high compression of the affected vertebrae measured on CT are correlated significantly to initial neurological status. Quantitative and qualitative parameters measured on MRI have a significant role for predicting initial severity of neurological status and outcome. Among qualitative parameters hemorrhage, cord swelling and stenosis are particularly useful guides to predict the severity of neurological injury. Although operative intervention helps in improving canal dimensions, Beck index and spinal cord compression but it may not improve ultimate neurological outcome. Patients with initial complete injury have significantly more initial KD; canal and cord compromise; Beck index; CP; MSCC; MCC; and lesion length. Neurological recovery is less in these patients. MRI is an excellent modality to evaluate acute SCI, and MR images obtained in the acute period significantly and usefully predict neurological outcome.
